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Summary of Second Workshop on Structural
Birth Defects
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iBirth defects are the leading cause of infant mortality in
the United States and contribute significantly to develop-
mental disabilities of infancy, childhood, adolescence, and
adult life. In addition to the emotional stress on families
and afflicted individuals, the economic impact is enormous
with estimates of lifetime costs in the range of tens of
billions of dollars for those affected annually in the United
States. Moreover, unlike other major causes of infant mor-
tality that have been dramatically reduced in recent de-
cades, such as sudden infant death and respiratory distress
syndromes, the frequency of birth defects has not changed
appreciably. Three to four percent of live-born babies have a
major congenital defect. Approximately 15–20% of preg-
nancies end in a spontaneous abortion, most of which are
associated with a developmental defect or chromosomal
abnormality. Recently, however, advances in developmen-
tal and molecular biology, genetics, and other biotechnolo-
gies and disciplines have provided medical science with an
armamentarium of new tools to dissect and understand the
complex biological and genetic mechanisms responsible for
birth defects.
A primary goal of the National Institute of Child Health
and Human Development (NICHD) is to encourage re-
search on the molecular susceptibility to and etiology of
human birth defects. On July 20–21, 1998, the Develop-
mental Biology, Genetics and Teratology Branch of the
Center for Research for Mothers and Children, NICHD,
convened the second in a series of workshops on structural
birth defects. While the first workshop focused on clinical
and epidemiological aspects of structural birth defects, this
second workshop highlighted basic developmental and mo-
lecular biology, molecular genetics, and other fundamental
disciplines. The purpose of the workshop was to develop
recommendations for multidisciplinary approaches to ad-
vance our understanding of normal and abnormal develop-
ment. Supporting basic research in this area will improve
our knowledge and understanding of the underlying mecha-
nisms associated with the formation of structural birth
defects and will ultimately result in our ability to prevent
them.
The workshop was chaired by Dr. Merton Bernfield,
Children’s Hospital, Harvard Medical School. Participants
included distinguished developmental biologists from the
scientific community as well as representatives from the
Centers for Disease Control and Prevention, the Environ-
mental Protection Agency, and other institutes within the
National Institutes of Health. The participants agreed with
the mandated objective to develop and prioritize research
recommendations in order to advance our understanding of
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All rights of reproduction in any form reserved.he fundamental biology of normal and abnormal develop-
ent and its relevance to birth defects.
The NICHD intends to incorporate the recommendations
f this workshop into a strategic plan to support basic and
linical research in developmental biology and genetics that
ill enhance our knowledge and understanding of struc-
ural birth defects and their causation. Ideally, this will be
ccomplished in collaboration with other components of
he National Institutes of Health (NIH), as well as other
overnment agencies and private organizations. A long-
erm objective of this plan is to translate advances in our
nderstanding into rapid, accurate, and sensitive molecular
iagnostic techniques; new safe therapeutic interventions;
nd effective strategies to prevent birth defects.
The ultimate goal of this initiative is “Every baby, a
ealthy baby.” In order to achieve this end, the entire
enetic program of human development and how it inter-
lays with the environment to generate a healthy baby
eeds to be understood. This goal is attainable and relies, in
art, on the advances being made by the human genome
roject. However, it also depends on understanding the
nderlying mechanisms of development that continue to
nfold as breakthroughs are made as the result of basic
esearch using animal models.
The scientific sessions of the workshop emphasized gen-
ral principles central to developmental biology. Perhaps
he most important principle is that genes that dictate cell
ates and behavior are conserved in evolution. Other
hemes that cut across several presentations were that
any developmental genes primarily code for transcription
actors, diffusible molecules, and their receptors and that
hese genes act in a sequential and hierarchical manner. A
umber of presentations focused on the advantages of a
ariety of useful animal models for studying development
nd have led to the identification and elucidation of funda-
ental principles governing human embryonic and fetal
evelopment: Drosophila, Caenorhabditis elegans, Xeno-
us, chick, zebrafish, and mouse.
Research on experimental model systems highlighted
nvestigations on Drosophila, which resulted in the char-
acterization of homeobox genes and their role in regulating
body patterning, as well as of Hedgehog and its signaling
pathways. The speakers stressed the similarities to human
systems, such as the role of HOX-complex genes in
anterior/posterior axis formation, as well as Otd/Otx and
Ems/Emx genes and brain patterning. C. elegans has also
become an important model for studying genetic, cellular,
and developmental mechanisms. The comparatively small
number of cells and invariant cell division also allow for
423
mm
b
X
d
6
X
d
t
c
m
u
l
p
c
w
h
i
m
u
h
d
d
g
e
i
o
n
w
f
S
m
a
s
m
E
s
t
c
o
o
s
w
i
s
o
a
w
t
e
h
e
m
r
t
f
d
b
d
d
n
1
m
d
h
C
h
d
r
n
p
(
s
A
t
m
i
t
m
c
t
r
a
i
m
o
b
e
i
T
g
p
c
h
d
f
c
I
h
i
w
o
r
424 Announcementprecise cell fate determinations. In addition, because of the
conservation of genes as well as the probable similarities in
biochemistry and physiology between species, RNA from
vertebrate genes can be injected into C. elegans to deter-
ine their effects at the cellular level.
The large size of its eggs and developing embryos has
ade Xenopus one of the mainstays of experimental em-
ryology for many years. Much has been learned from
enopus, particularly regarding neural and mesoderm in-
uction, dorsal axis formation, and cell fate. Because of the
–8 h of transcriptional silence following fertilization,
enopus is also a useful model for studying maternal
eterminants, particularly using the newly developed “host
ransfer” method of knocking out maternal mRNA. The
hick is another example of an experimentally manipulable
odel that has been particularly useful in advancing our
nderstanding of several developing systems, such as the
imb. While not a good genetic model, the chick is very
owerful for testing genes by transfection via replication-
ompetent viral vectors. An example presented at the
orkshop focused on the misexpression of Ptx2 in the
eart, resulting in malformations, specifically reversals and
somorphism. The expression of chick viral receptors in
ouse, so that chick replication-competent viruses can be
sed in mouse, and the use of other chick/mouse cell
ybrids for the dissection of genetic factors were also
iscussed.
The zebrafish was discussed as a model of early vertebrate
evelopment that is amenable to both experimental and
enetic analyses. Since the embryos are small and transpar-
nt and can be easily manipulated, the zebrafish is becom-
ng an important model for studying organogenesis, which
ccurs over a 2- to 3-day period. Use of the mutagen
itrosourea has led to the induction of over 6000 mutations,
hich have produced a wide variety of organ system de-
ects, including digestive, vascular, and nervous systems.
pecific studies which focused on anatomic and functional
alformations of the heart, including coarctation of the
orta and cardiac arrhythmia, were presented at this work-
hop.
Genetic and molecular testing of teratogens and environ-
ental insults in the mouse model were also illustrated.
nvironmental insults are known to account for only a
mall percentage of the annual 120,000 human birth defects
hat occur in the United States. In approximately half of the
ases, no known etiologic factor is currently identified. The
bservation that gene-specific mutations lead to alterations
f expression in multiple systems that in turn may lead to
pecific sensitivities to various teratogens was stressed, as
as the value of the mouse as a model for studying these
nteractions.
In order to reinforce the clinical relevance of basic re-
earch using animal models, several presentations focused
n similarities between human malformation syndromes
nd animal models. Adult polycystic kidney disease (PKD)
as presented as a model which demonstrates the impor-ance of fundamental research in experimental animals,
Copyright © 1999 by Academic Press. All rightspecially since the human and mouse Pkd genes are
omologous. Mutation results in an epithelial cell prolif-
ration disorder. The consequences of this mutation are the
islocalization of the EGF receptor and alteration of ty-
osine kinase activity. This phenotype is observed in both
he human and the mouse adult polycystic kidney disease.
The 22q11 deletion, which is associated with velocardio-
acial syndrome and DiGeorge syndrome (DGS), was also
iscussed. The estimated incidence is 1 in 3000–4000 live
irths with 10% of the cases segregating as an autosomal
ominant characteristic. This disorder may be viewed as a
evelopmental field defect resulting from inappropriate
eural crest cell migration. Researchers have identified a
.5-Mb sequence that contains at least 25 genes, one or
ore of which may be involved in these syndromes. Can-
idate genes have included a clathrin heavy chain-like gene,
omeobox gene(s), the DiGeorge Anomaly I gene (found in
. elegans, Drosophila, mouse, and human), and the human
omologue of the T-box gene, TBX-1. Another viable can-
idate is HIRA, a gene encoding a putative chromosome-
emodeling protein that is expressed in neural crest and in
eural crest-derived tissues. Recently, the candidate gene
ool has been narrowed dramatically. The human UFD1L
for ubiquitin fusion degradation 1-like) gene has been
hown to be deleted in the majority of people with DGS.
lthough this finding is exciting, 10% of DGS patients lack
his deletion. Detailed analyses of several patients show a
inideletion affecting UFD1L and CDC45, a cell cycle gene
nvolved in DNA replication that resides immediately
elomeric to UFD1L. Therefore, although UFD1L is the
ost attractive candidate gene to date, it is most likely the
ombinatorial effect of multiple genes that is the culprit in
he etiology of DGS. This is further highlighted by the
ecent report of a novel 22q11.2 microdeletion that is
djacent to but does not overlap with the known deletions
n patients with DGS.
Congenital holoprosencephaly (HPE), another human
alformation syndrome, was also discussed. The incidence
f this malformation is approximately 1 in 16,000 live
irths and 1 in every 250 spontaneous abortions. This
tiologically heterogeneous malformation may occur as an
solated defect or as part of multiple genetic syndromes.
he participation of a minimum of 12 HPE-associated
enetic loci on several chromosomes has been proposed. Its
henotype may be highly variable, ranging from a single
entral incisor to cyclopia. This variability in expression
ighlights the importance of recognizing “microforms of
isease” in the study of human birth defects. In a familial
orm of HPE, the gene HPE3 has been localized to human
hromosome 7q36 and shown to be human Sonic hedgehog.
ts expression is modulated by cholesterol metabolism in
umans. One of the human disorders that have a high
ncidence of HPE is the Smith–Lemli–Opitz syndrome,
hich is also associated with a defect in cholesterol metab-
lism. Mutations in yet another gene, HPE2, have been
ecently characterized. HPE2 has been localized to chromo-some 2p21 and is proposed to be SIX3, a gene essential for
s of reproduction in any form reserved.
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425Announcementthe development of the anterior neural plate and eye in
humans.
Discussions during the workshop focused on many di-
verse issues. These included the significance of and need for
consensus on nomenclature across species and in human
developmental biology and medicine and the need for
accurate phenotyping. Also highlighted was the need for
study of the multiple genes involved in normal develop-
ment and their signaling pathways, as well as the need for
defining the different roles and pleiotrophic effects that
genes, their modifiers, and other “regulators” play in the
spatial and temporal development of the embryo/fetus.
Consequently, future research should emphasize interdis-
ciplinary approaches to understand basic developmental
processes and the genetics of model organisms and human
structural defects. This would include the study of defects
of unknown etiology, genomics biology, gene–gene and
gene–environment interactions in model organisms, basic
embryonic patterning, organogenesis, cell and tissue orga-
nization, and signal transduction. There is also a strong
need for infrastructure support, genotyping capacity, phe-
notype description, application of expanding technology,
and training in these technologies for clinicians, scientists,
and trainees.
In order to meet these objectives, three major areas were
considered essential.
Future Research Directions
● Develop approaches to identify the “genetic players”
mportant for the blueprint of development by establishing
nd maintaining support for genetic/molecular/functional
creens, genomic informatics, and human epidemiological
tudies.
● Conduct research on the expression of genes and their
utations and the cellular mechanisms of normal and
berrant development in human and animal models.
● Study the interactions of genetics and environmental
ackground that affect developmental pathways in human
nd model systems.
● Conduct research examining pleiotropy, organogenesis,
nd fetal physiology in human and model systems.
● Foster interdisciplinary research involving basic, clini-
al, and related disciplines to achieve these objectives.
Technology/Research Resources
● Develop “high throughput,” noninvasive technologies
o identify genotype and phenotype and exposure assess-
ent technologies.
● Support facilities for the storage and dissemination of
utants from various animal models.
● Develop technologies for enhancing production of cD-
As, molecular probes, mutants, and other research
tools” from animal models that are relevant to birth
efects investigations.
● Create databases of gene expression in animal models
nd homologous human diseases. Because of the broad t
Copyright © 1999 by Academic Press. All rightnterest in such databases as well as their expense, foster
rans-NIH support, particularly from the National Library
f Medicine, for the continued maintenance of these impor-
ant resources.
● Establish and maintain informatics systems focused on
evelopmental biology and human birth defects. It will be
mportant to form links between databases on human birth
efects and databases being developed for various mamma-
ian and nonmammalian model systems.
Training
● Develop support for new training vehicles to foster
nterdisciplinary collaborations between established scien-
ists in the disciplines of developmental biology and genet-
cs, medical and clinical genetics, biochemistry, develop-
ental toxicology, nutrition, epidemiology, and
ysmorphology.
● Develop support mechanisms that will promote inter-
isciplinary training opportunities for young investigators.
These workshop recommendations will serve as future
irections of scientific research, technology development,
nd biomedical training and will serve as a guide for
rogram planning into the next millennium. There was also
lear agreement that the scientific community needs to be
ade aware that the Human Birth Defects Initiative is a
cientific priority of the NICHD and NIH. This initiative
eeds to be publicized in the larger biomedical community.
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